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COMPLETE SPECIFICATION 
Manufacture of Alkanolamines 

We, Oxtrane Limited, a British Com- method of operation and gives an example 

pany, of 170, Piccadilly, London, W.l, do thereof in which isobutyieae oxide is used, 

hereby declare the invention, for which we The reaction trm e for this . example was 53 50 

pray that a patent may be granted to us, and minutes and 73.2% of the isobutyiene oxide * * 

5 the method by which it is to be performed, employed was consumed. 

to be particularly described in and by the Further United States Patent Specification 

following statement: — No. 2,373,199 proposes tie production of 

This invention relates to the manufacture alkanolamines by the continuous reaction of 55 

of alkanolamines by the reaction of ammonia ammonia with an alkyjeue oxide under sub-: 

10 with ethylene oxide or 1,2-propyIene oxide. stantially anhydrous conditions at a temp era - 

The reaction of aqueous ammonia wkh tore between 120 and 275° C We have 

ethylene oxide (to produce a mixture of mono-, found that the reaction of ammonia and 

di- and tri-ethanob mines is well known as is ethylene oxide does not proceed to any appre- 60 

the analogous reaction between aqueous dable extent in the; absence of hydroxy bodies 

„ 15 ammonia and 1,2 -propylene oxide. and that even with traces of water present at 

These reactions are discussed in Patent temperatures of 120° C and above die 

Specifications Nos. 642,950 and 655,580 reaction proceeds so slowly that it does not 

which disclose the variations in the proper- provide a satisfactory continuous process for. 65 

dons of mono-, di- and tri-ethanol amines use on an industrial scale. Apart from, the ^ 

20 obtained with varying molar ratios of limitations imposed by the size of the reactor 

ammonia to ethylene oxide in the reaction prolonged reaction at high temperatures is 

mixture when aqueous ammonia of 0.92 den- liable to result in contamination and degrada-. 

sity (about 22% aqueous ammonia) is reacted don of the products. 70 
with ethylene oxide at 15° C The processes It is an object of the present invention to 

25 of Patent Specmcations Nos. 655,580 and provide an improved continuous process for 

642,950 are concerned with the supiession of the production of alkanolamines by reaction 

the formation of the monoalkandamine and of ammonia with ethylene oxide or 1,2- 

the dialkanolamine respectively. propylene oxide which can be operated with* 75 

Paaent Specification No. 448,373 describes very short reaction times, ie. reaction tunes — 

30 a process for the production -primarily of -of 3 0~ minutes and under, with substantially 

monoalkanolamines by the reaction of ammo- complete reaction of the alkyiene oxide 

nia with an alkyiene oxide containing not introduced. 

more than 5 carbon atoms in the molecule, The process of the invention comprises 80 

the reactants being present in the reaction continuously reacting ammonia with an adkyl- - - 

35 mixture in the ratio of at least 20 mols. of ene oxide selected from ethylene oxide and' 

ammonia per mot of alkyiene oxide. The 1 ^-propylene oxide b y ctmtmuously passing 

specification states that the reaction is prefer- a ■ liquid mixture of ammonia in aqueous^ 

ably carried out in the presence of water and solution, containing from 5 to 90% by 85 

in the liquid phase. Reaction temperatures* are weight of water, and the alkyiene oxide, said" - - 

40 from 20° C. upwards, but it is stated that in mixture containing not more than 50% by 

the majority of cases it is preferred to weight of the alkyiene oxide and from 1 to 

operate in a temperature range of 90 to 150° 45 molecules of ammonia for every three 

G., pressures of from 30 to 250 pounds per molecules of alkyiene oxide present, through 90 

square inch being quoted as suitable for the a reaction zone maintained at a temperature 

45 pr e ferred temperature range when using a ranging from a mfnfmrrrn of 80 to 150° C to 

20% ammonia solution. Patent Specification a maximum of 275° C., under a pressure 

Nck 448^73_ also describes a continuous which ensures that the reaction mixture ias 

t* . r * 
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m aintained in the liquid state throughout die 
reaction zone, the contact time within the 
reaction zone not exceeding 30 minutes and 
the amount of water and the temperature of 

5 the reaction zone being so adjusted in relation 
to each other that substantially complete 
reaction of the alkylene oxide takes place. 
Preferably the quantity of alkylene oxide 
present in the reaction mixture is - not in 

10 excess of 35% by weight 

Heating is applied to the reaction zone to 
bring it to the minimum temperature of from 
80 to 150° C, but when the reaction: has 
been ifrtiriated it will {generally, be found 

15 necessary and it is indeed desirable to apply 
coaling to the reaction zone to remove heaU 
evolved in the highly exothermic reaction 
which takes place and toT ensure that the tem- 
perature of die reaction mixture does not rise 

20 above 275° C. The cooling should preferably 
be such as to ensure that after the initial 
rapid rise in temperature, the temperature in 
the reaction zone is rapidly reduced to -close 
to 150 p G or below. The heating and cool- 

25 ing may be effected in the manner described 
below/ 

The contact time within the reaction zone 
required to ensure substantially complete 
reaction, of the alkylene oxide depends 

30 primarily on the amount of water present and 
on the . temperature of the reaction zone The 
temperature may be adjusted by adjusting 
the minimum temperature to which the reac- 
tion zone is heated and it has been found to 

35 be a relatively simple matter in the . process 
of the invention tr> keep the contact time 
below 30 minutes by elevating the minimum 
temperature or increasing the amount of water 
present within the limits -sperififd. Thus the 

40 contact rime may be kept Below 30 minutes 
by elevating the minimum temperature to 
which the reaction zone Is heated from 80 to 
150° d, as the amount of "water in the 
aqueous ammonia solution, is decreased, from 

45 90% to 5%. In most cases it will be found 
possible by suitable choice of the water, con- 
tent of the aqueous ammonia and of the 
minimum temperature, to operate with con- 
tact times much shorter than 30 minutes. For 

50 example, in one form of the invention utiliz- 
ing an aqueous ammonia containing from 10 
to 35% by weight of ammonia in a reaction 
mixture containing not more than 35% by 

?/ weight of alkylene oxide and heating the 

5<jf reaction, zone to a minimum of 100° C, con- 
tact times of between 30 and 120 seconds 
may be' - employed. In another and the 
preferred form of the invention for the pro- 

* Suction mainly of monoalfcanolammes, using 

60* a strong aqueous ammonia- solution contain- 
ing from 40 to 80% by weight of ammoni a 
in a* reaction mixture containing- not more 
than 35% by weight of alkylene oxide, heat- 
ing the reaction zone to a minimum 

45 temperature of 100 to 150° C will enable a 



contact time of 120 seconds or less to be 
used. : 

The mfnfmiTm temperature to which the 
'reaction zone, is Jieated is preferably in the 
region of 100* C when aqueous solutions of 70 
ammonia containing not more than. 35% by 
weigh* of ammonia are used, and is prefer- 
ably from 100 to 150° C. for stronger 
aqueous solutions of ammonia, temperatures 
of 120° C and above being preferably used .75 
for aqueous solutions of ammonia containing 
about 80% or more by weight of ammonia. 

The short contact times involved- in the 
process of the invention enable one to use a 
compact, strongly constructed reactor in the 80 
form of a coil having a relatively high 
surface area to volume ratio which facilitates 
the rapid heating of the reaction mixture and 
also- enables the heat of reaction to be 
removed rapidly from the reaction mixture 85 
Both the heating and the removal of heat 
may satisfactorily be carried out by immers- 
ing the reactor in a bath , of boiling liquid 
boiling at a temperature corresponding to the 
minimum -temperature to which the reactants 90 
are heated, the vapour from the boiling 
liquid being passed to a condenser in which 
it is cooled and condensed and the condensed 
liquid being returned to the bath- By this 
means 'any excessive rise of the temperature 95 
within the reactor may be prevented and the 
reactants, ■ after an initial and rapid rise in 
temperature may be rapidly cooled down to . 
a temperature of 150 ? C.and below. 

The amount of heat which is evolved in 100 
die process of the invention is limited by the 
stipulation that the alkylene oxide must hot 
constitute more than 50% by weight of the 
material fed to the reactor. Thus, the maxi- 
mum temperature to which the reactants will 105 
rise under adiabatic conditions can be cal- 
culated fairly accurately on the assumption 
that the specific heat of the reactants is 1 
calorie per gm. per °C and on? the basis that ' - 
the reaction of 1 gmmol of ethylene oxiHe no 
witk airmmnia^eTOr^^6,tJ^ of heat 

TThusi^if a gms. of ethylene oxide are reacted 
with b gms. of ammonia in solution with c , 
gms. of water, the temperature rise (adiabatic) 
is 115 
a x 26,000 °C. 



(a + b+c) x 44 

As it is stipulated that a must not be greater 
than 0 + c, the maximum temperature jrise- is 
under 300° C - With propylene oxide, the 
maximum temperature rise is still smaller. 120 

Using a coiled reactor formed of . 75 ft. of 
stainless steel - tube of 0.154"- internal dia- 
meter and 0.25" external diameter immersed 
in a bath of boiling water, it has been found 
that on passing a reaction rnixture of a 35% 125 
by weight aqueous solution of amm onia and 
ethylene oxide, containing 50% by weight of 
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ethylene oxide through the reactor, the tem- 
perature of. the reaction mixture within the 
■% reactor may rise u> . .approximately 200°- G. 

but will then be rapidly reduced. The rise in 
5 temperature within the reaction zone due to 
the heat of reaction, is, providing it is not 
excessive or prolonged, not disadvantageous 
as it increases the rate of the reaction and 
also in the reaction with ethylene oxide, leads 

10 more rapidly to the decomposition of any 
quaternary ammonium hydroxide which may 
be formed. The effect of the latter is dealt 
with more fully below. 
The invention has important advantages for 

15 Che production of mono-^alkanolamines in 
that by its means a crude product containing 
a relatively large proportion of alkanolamines 
of which the major pan! is monoalkaxiolamine, 
can be obtained. 

20 Thus by reacting in accordance with the 
invention an aqueous ammonia containing 
60% by weight of ammonia with ethylene 
oxide in the molecular ratio of ammonia to 
.ethylene oxide of 7: 1, using a reaction tem- 

25 perature of from 100—160° C, a pressure 
of 60 to 100 atmospheres and a contact time 
of 30 seconds, a crude product containing 
23% by weight of ethanolamines, of which 
60% by weight was monc^thanolamine, was 

30 obtained. 

On the other hand, despite the limitation 
on the proportion of alkylene oxide which may 
be present in the mixture of reactants in the 
process of the invention and the fact that the 

35 high temperatures employed enhance the 
formation of the monoalkanolamine, the pro- 
cess is flexible in that the molar ratios # of 
ammonia to alkylene oxide may be varied 
within the wide limits tavary the amounts of 

40 mono-, di-, and tri- alkanolamines in the pro- 
duct of the reaction. Furthermore, in 
accordance with the invention, the product of 
the process described above may be reacted 
with a further quantity of ajkylene oxide 

45 under pJrnifay conditions to those described 
above to increase the production of tri- 
alkanolarnines. By the use of two or more 
stages in this manner the use of a large 
quantity of water which has subsequently to 

50 be evaporated may be avoided. * 
The manner in which the composition of 
the product of the process of the invention 
varies with the molar ratio of ammonia to 
ethylene oxide in the reaction mixture is 

55 illustrated by the curves shown in Fig. 1 of 
the accompanying drawings. These curves were 
obtained by carrying out a number of 
experiments in which a 25% by weight 
aqueous ammonia solution and ethylene oxide 

50 were reacted in varying molar ratios of 
ammonia to ethylene oxide in the reactor coil 
described above. The coil was immersed in a 
bath of boiling water and die temperature in 
the coil was within the range 100 to 200° C 

65 In each case the product was freed of excess 



ammonia and water and analysed. Curves. 1, 
2, 3, and 4 show respectively; the percentages 
of monoethanolaniine, diethanolamine, tri- 
eihanolamine and glycol ethers of methanol- 
.amine found in the product. Rather similar 70 
curves were obtained for the reaction of 
arnmnnia with propylene oxide. Further, it 
was found that the results do not vary 
appreciably with different strengths of the 
ammonia solution. 75 

It can be seen from Fig. I that when 
monoethanolaniine is the desired reaction 
product a molar ratio of ammonia to ethylene 
oxide above 4 to 1 is most suitable. It will 
further be seen from Fig. 1 that the increase 80 
in the percentage of monoethanolaniine in 
the product for ratios higher than 15 to 1 
is relatively small so that there is no disad- 
vantage in not using higher ratios which 
increase the requirement for plant capacity 85 
and the amount of water to be removed sub- 
sequently. It has in fact been found advanta- 
geous to use molar ratios not in excess of 10 
to 1. When operating with the higher molar 
ratios required for die production of mono- 90 
alkanolamines in accordance with the inven- 
tion it is * advantageous to use strong 
ammonia solutions since the amount of water 
to be subsequently removed is thus reduced. 
Aqueous ammonia solutions containing from 95 
40 to 80% by weight of ammonia, Le. from 
20 to 60% by weight of water, may most 
advantageously be used for this purpose. 

In the production of diethanolamine it is 
seen that molar ratios between 1 tx> 1 and 4 100 
to 1 are most satisfactory but that the percent- 
age of diemanolamine in the reaction product 
after removal of ammonia and water, does not 
rise above about 40% by weight. The yield 
of diethanolamine can be increased by 105 
recovering the monoethanolamine in the re- 
action product and reacting this monoethanol- 
amine in aqueous solution with ethylene oxide 
under similar conditions to those used for the 
reaction of ammonia with ethylene oxide in 110 
accordance with the invention. 

For the production of triemanolamine a 
molar ratio of ammonia to ethylene oxide of 
1 to 3 is theoretically required. Thus to pre- 
serve the limitation, imposed because of 115 
thermal considerations^ that the ethylene 
oxide shall not be more than 50% by weight 
of the reaction mixture it is necessary in a 
single stage process to use a very dilute solu- 
tion of ammonia, in which case the increased 120 
amount of water will function as a thermal 
diluent. The production of triethanolarnine as 
the major product may, therefore, be effected 
in a single stage. using a very dilute aqueous 
ammonia solution, eg. at 10% by weight solu- 125 
tion. The production of triethanolarnine may, 
on the. other hand, be carrieH out in two 
stages, using a 35% by weight aqueous 
ammonia solution.. In. the two stage process 
the 35% ammonia solution may be reacted 130 
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with ethylene oxide in the molar ratio of 
ammonia to ethylene oxide of 1 to 1, and the 
product so formed cooled; to ambient tempera- 
tores and then reacted in' a similar manner 
with further ethylene oxide; We have found 
mat an overall ammonia to ethylene oxide 
molar ratio of 1 to 2.5 produces an optimum 
product in either method* The two stage pro- 
cess may be varied by removing the nn reacted 
ammonia from the product of the first stage 
before reacting it with a further quantity of 
ethylene oxide. If this is done the molar ratio 



of .ammonia, (contained in the product) to 
ethylene oxide (contained in the product and 
added) is preferably 1 to Z8. ... 

Hie production of -triethanolaraine by the 
process of the invention takes place, with the 
formation of reduced amounts of the tri- 
ethanolamihe glycol ethers as by-products, 
compared with the amounts formed at lower 
temperatures. We have found that these ethers 
are formed by reaction between the triethanol- 
amine present in the reaction mixture and 
ethylene oxide, according to the equation: 



NCCHaCHaOH), + C,H 4 0 — X(CJEL A OK) a 

Triethanb- + Ethylene > Ether. 

amine ■ 
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At relatively low temperatures triethanol- 
amtne reacts with ethylene oxide to produce 



the quaternary ammonium hydroxide accord- 
ing to the equation : 



30 N(QH 4 0H)i + CiH*0 + H*0 > HO . N . (QftOH)* . 



This hydroxide is a strong base and it is 
well known that alkalies catalyse the reaction 
*" of ethylene oxide with alcohols to form 
ethylene glycol ethers. It has been found, that* 

35 the rate of formation of these ethers" is pro- 
portional to the amount of base present. At 
temperatures between 0° and 50° C. the 
quaternary animonium hydroxide is stable but 
at higher temperatures and particularly above 

40 100° C this compound decomposes rapidly in 
the presence of water and e than Diamines to 
reform tnethanolarnines and ethylene oxide. 
Hence under the reaction conditions employed 
in the present process the concentration of the 

45 tetraerhanolammonium hydroxide is reduced 
to small value and hence the formation of the 
by-product ethers is also reduced to a corre- 
spondingly small va lue . - 

Following on the above observations it lias 

50 also been found that the addition of small 
amounts of acidic materials to the reaction 
mixture reduces the amounts of by-product 
ethers formed by neutralising any of the 
quaternary ammonium hydroxide present- in 

55 die reaction mixture at the elevated tempera-, 
tuxes employed. Examples ' of such acidic 
materials which may be* added include boric 
acid, carbon dioxide, phosphoric add and 
sulphuric add. 

60 The tri-isopropanxjlamine does not appear 
to form ai quaternary ammonium hydroxide by 
reaction with propylene oxid e, du e no doubt 
to the steric factors involved, so that at all 
temperatures between 0° and 270° C. the re- 

65 action product is contaminated only with the 
tri-isopmpanolamine glycol ethers, formed by 
; the uncatalysed reaction between the tri- 



isopropanolamine and propylene oxide. Even 
though the uncatalysed formation of these 
ethers- is - slightly greater in the? present process 70 
than the "amounts -formed in -previous pro- 
cesses employing lower temperatures, it is still 
very advantageous', to carry out the reaction in 
the manner described from the point of view 
of safety and economy of operation. 75 

The invention as thus far described is con- 
cerned with the reaction of the alkylene oxide 
with ammonia in aqueous solution but, in 
accordance with a modification thereof, the 
water ha the reaction mixture may be wholly 80 
or partially replaced] by an equivalent amount, 
in terms of hydroxy group content, of an 
organic hydroxy compound which contains 
only carbon^ hydrogen - and . one or more ^ L 
alcoholic or phenolic hydroxy groups. The 85 
hydroxy compound used should have a boil- 
ing point sufficiently distinct from that of the 
products to enable separation to take place 
without difficulty. The pTefened organic 
hydroxy compounds are alkyl alcohols having 90 
a boiling point not above 150° C. and more >, 
preferably, not above 125° C, e.g. methanol - 
and jemanol. 

■-"The amount of organic hydroxy compound 

, ■ " * *- - 

1 grant mol 

present should be — — — e ■ — r— 95 

Number of hydroxy groups ... ; * ■ 

for each gram moL of water that it replaces. 
. The .beneficial effect of the presence of :> 
water or an organic hydroxy compound m the 
process of. the invention is shown by our in- 
vestigations in which we have found that the 100 
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race of reaction of ethylene oxide with 
ammonia is directly proportional to the pro- 
duct of the molar concentration of ammonia, 

(i.e. total weight in grams 



the molar concentration of ethylene oxide, and 
the square of the concentration of hydroxy 5 
groups in gram equivalents per litre 

of hydroxy groups per litre). 
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present in the reaction system. This concen- 
tration of hydroxy groups? isJ also given by the 

10 sum of the products obtained by multiplying 
the molar concentration by the number of 
hydroxy groups contained in the molecule for 
each hydroxy compound present. 
- In considering the reaction of ammonia 

15 with ethylene oxide when ammonia is present 
in considerable excess, eg. 10 mob ammonia 



to 1 moL ethylene oxide, we find that if 
initially there are " a " mols/litre of ammonia, 
"b" mols/litre of ethylene oxide and "c" 
mols/litre of hydroxyiic solvent ROH where 
"R" may be H, CH, etc and. if after a? time 
w t " seconds " x " mole/litre of ethylene oxide 
have reacted to give x mols of monoethanol- 
amine, the reaction may be represented by tie 
equation; 



20 
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NH^ + CJE^O + ROH. 
a — x b — x c 



NH,CJI 4 OH+ROH 
x c 



and that the reaction velocity may be ex- 
pressed in the usual form : 
" dx/dt = k A (a— xXb— x)(c + x) a 

30 This equation assumes that the consequential 
reaction of monoethanolamine with ethylene 
oxide to form di-, and tri-ethanolamine is 
negligible in comparison with the reaction to 
produce monoethanolamine. This is so when 

35 a" is large compared with " b." It can be 
seen from the equation for the reaction velocity 
that if ROH is absent, no reaction will take 
place. 



Our measurements also show that the 
velocity constant of this reaction for 100° C, 40 
k A has the value of 5 x lO^Ml^S- 1 . Sub- - 
stitution of this value in the equation for the 
reaction velocity and integration of the 
resulting equation leads to the following 
times for the reaction which we have cal- 45 
culated for the reaction of 4 molar equivalents 
of ammonia with 1 of ethylene oxide, the 
ammonia containing varying proportions of 
water, the reaction being carried out at- 
100* Q: 50 



Concentration of 


Times of reaction of ethylene oxide 


ammonia in water 


10% 


50% 


95% 


% by weight 


sees. 


sees. 


sees. * 


30-~__ 


2 


11 


55 


60 


6 


30 


150 


80 


9 


144 


720 


90 


71 


320 


840 


95 


261 


940 


1900 


9* 


1320 


3150 


4800 


99 


4000 


6800 


8300 


99.5 


16000 


22000 


24000 



55 



60 



It is seen that with a decrease in the 
amount of water, there is a slower initial 
reaction followed by a subsequently more 

65 rapid reaction. This is to be expected as 
mono-ethanolamine which is formed, is itself 
a hydroxyiic body. 

In practice we found that it was impossible 
to control the temper atu r es of the reaction of 

70 35% and 60% ammonia to get any figures 
other than for complete reaction. In the case 
of 80% and higher strength ammonia, we 
were able to control the reaction temperature 



at 100° C. and to obtain values for the times 
of reaction approximating to the calculated 75 
values given above. Even at 120° C and 
higher temperatures we found no reaction 
between substantially anhydrous ethylene ~; 
oxide • and substantially anhydrous ammonia. 

We have also found that there was a molar 80 
equivalence, in terms of the number of 
hydroxy groups contained in the molecule, 
between all hydroxyiic solvents tested in 
their power to catalyse the reaction between 
ammonia and alkylene oxide S5 
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Thus we have found that the presence in a 
unit -volume of the reaction mixture- of : 



1 gram mol of water (18 grams) 
1 33 „ y> methanol .(34 grams) 
5 1 „ „ „ phenol (94 grams) 

h » yy » ethylene glycol (30.5 gms) 

or 

1/3 „ „ „ glycerol (30.7 grams) 

has substantially the same effect on the reac- 

10 ck)n rate and time. The reaction velocity 
. equation given above and the velocity con- 
stant cited, provide a method of calculating 
the reaction time and. temperature, thus 
of ensuring adequate control of the reaction 

15 and of . avoiding the danger of explosion 
referred to by previous workers in this field. 

One method of tarrying out the process of 
the invention is described below with re- 
ference to Fig. 2 of the .accompanying 

20 drawings, which illustrates dtagranunatically 
a suitable apparatus for the" carrying out of 
the invention. 

Referring to Fig. 2 an aqueous ammonia 
. solution of the desired strength, and the 

25 alkylene oxide, are separately and con- 
tinuously pumped.* under - pressure from 
storage vessels through- supply lines 13 and 
14 respectively, by means of proportionating 
pumps 11 and 12, to a mixing chamber 15 

30 in which, they are intimately mixed. * The 
mixture of aqueous ammonia- and alkylene 
oxide is then fed into a reactor coil 16*. In 
die examples described below the coil used 
was a stainless steel coil 75 feet in- length 

35 (when extended), with an external diam eter 
of 0.25 inches and internal diameter of 0.154 
inches. The reactor coil" 16 is mounted in a 
vessel 17 and is completely immersed in 
vigorously boiling liquid:: 18, the vapour 

40 escaping from the surface of the liquid pass- 
ing to a condenser 19, in: which it is cooled 
and condensed, and then, returned to" the 
body of the liquid in the vessel 17. The 
liquid 18 is caused to boll vigorously liy a 

45 heating fluid passing through a coil 21 in 
reb oiler 20, 

After passing through: thV reactor* within 
the desired reaction time (which is governed, 
by the pumping rate) the products are led 

50 through a needle let-down valve 22 which is 
adjusted to maintain the desired pressure 
. within the reactor coil 16 and men into, a 
distillation column. 23, provided with a 
reboiler 24. Excess ammonia is m'stOled off 

55 in the column 23 and is led off by pipe 25. 
_ The aqueous alkanolanaines are collected and r 
- pass through pipe 26 to storage or for further 



treatment The water may be removed from 
the- aqueous alkanolamines by distillation. and 
the alkanolamines then separated from one 60 
another by fractional distillation under 
reduced pressure. 

'The invention may also be carried out as 
-described above with part or all of the water 
of the aqueous ammonia solution replaced 65 
by a suitable organic hydroxylic solvent. The 
pressure applied to the reaction . . mixture 
must be such as will maintain the mixture in 
the liquid phase throughput the reaction 
zone. In view of the rise in temperature 70 
which takes place it is desirable ten use a con- . 
siderable excess of pressure and generally 
speaking pressures in excess of 6*0 atmos- 
pheres should be used. 

The foHowing examples, in all of which. 75 
the procedure set out in} the method of carry- 
ing, out the invention described above with 
reference to Fig. 2 was used, illustrate the 
invention. In these examples the alkylene 
oxide was fully reacted, : no free alkylene 80 
oxide being found in the reaction products. 

* Examples 1 to 15. 

In Examples 1 to i0 a mixture of an 
aqueous solution of ammonia and ethylene 
oxidd was fed to the reactor. In Examples 11, 85 
12 and 13 an aqueous solution of ammonia 
and propylene oxide was fed to the reactor. 

Details of the Examples are set out in the 
following Table, in which: 

Column A — gives The % by weight of 90 
ammonia in the aqueous solu- 
tion of fliHPi oma. 

„ B — gives the molar ratio of ammonia 
to alkylene oxide in the mixture 
fed to the reactor. 95 

\>~ C— gives the pressure applied to 

the system m atmospheres "gauge"" 

Z pressuceTT"* - 

?yy - - T)— gives thfe temperature in °C of 

the boiling liquid in which the 100 

IT reactor is.munersed. 

- E — gives the contact time within the 

?™ reactor in seconds. 

3 3 7 * V — gives the composition in per- 
centages' by weight of the 105 
alkanolamines in the product 
after the removal of excess 
ammonia and water. * In 
Examples-r^TO la the alkanol- 
- 2. ^soaimes produced are the mono-, 110 
l . . di-, and tri^thanolamines and in 
Examples 11, 12 and 13 they 
. are .the mono-, di-, - and tri- 
isopropan olamines. , 
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Table 



Ex- 
No. 


(A) 


(B) 


(Q 




(E) 


(?) - 
Mono- Dir Tn- 
alkanolamine 


1 


25 


7.5 


70—90 


100 


300 


68 


24 


8 


2 


25 


4 


70—90 


100 


300 


49 


38 


13 


3 . 


25 


1 


70—100 


100 


38 


18 


24 


58 


4 


10 


0.4 


70—100 


100 


282 


3.3 


12.6 


79.2* 


5 


60 


7 


60-80 


100 


126 


50 


33 


17 


6 


60 


7 


60—80 


135 


126 


58 


31 


11 


7 


80 


8.5 


60—80 


100 


400 


59 


29 


12 


8 


80 


8.5 


60—80 


140 


120 


72 


22 


6 


. 9 


95 


9 I 


60-^80 


100 


1200 
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:e 4 the product after removal of t 
ethers. 



i ammonia and water also contained 4.9% 



10 



15 



20 



25 



Example 14. 

The ammoniacal aqueous product (i.e. the 
product containing unreacted ammonia and 
water) from Example 3 was*, cooled to 30* C 
and continuously mixed with ethylene oxide 
in such proportions that the overall molar 
ratio of ammonia (i.e. reacted plus unreacted 
ammonia) to ethylene oxide (Le. reacted plus 
fresh ethylene oxide> was brought to 1 to 2.5. 
This mixture was continuously passed 
through the reactor under the same reaction 
conditions as were used in Example; 3. 

The final product consisted of: 

% by weight 



Ammonia 
Water 

Commercial triethanolamine 



1.5 
28.3 
70.0 



' This "Commercial triethanolamine" was 
found on fractional distillation to contain: 

% by weight 



Monoethanolamine 
X)iethanolamine 
T*rfcth flTi o l 3 id 1 e 
Higher Ethers 



4.6 
6.8 
80.7 
7.9 



Example 15. 

The ammoniacal aqueous solution of iso- 
propanolamines obtained as the product in, 
Example 12 before distillation, was mixed in 
equal parts by volume with propylene oxide, 
bringing the overall molar ratio of propylene 
oxide to ammonia to 3.0 to 1.0, and the mix- 
ture passed through the reactor, which was 
surrounded by boiling water. A contact time 
of 90 seconds and an applied pressure of 60 — 
80 atmospheres was used. 

The resulting crude triisoprop anolamine 
after removing excess ammonia and water 
had the following composition : 

% by weight 



30 



35 



40 



Monoisopropanolamine Not found 
Diisopropanolamine 3.0 
Triisopropanolarnine 93.1 
Triisoprop ano 1 amine ether 3.9 

Example 16. 
A solution of ammonia in methanol con- 
taining 60% by weight of ammonia was 
mix ed with ethylene oxide to give a mixture 
in which the molar ratio of Ammonia to 
ethylene? 'oxide was 7: 1, and this mixture was 
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passed through the reactor surrounded by a 
liquid boiiing at 127° C. A pressure of 120 — 
J 60 atmospheres was applied to. the system 
and the contact time in the reactor was 120 
seconds. 

After removal of excess ammonia and 
methanol the resulting amines contained. 

% by weight 
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Mono emanolaniine 

Dierhanolanune 

Triethanolarnine 



63 
30 
7 



Example 17. 

A solution of ammonia in water and 
methanol containing 60% by weight of 
ammonia, 20% by weight of methanol and 
20% by weight of water was mixed with 
ethylene oxide to give a rnixture in which 
the molar ratio of ammonia to ethylene oxide 
was 7: 1. The mixture was passed through 
the reactor surrounded by a liquid boiling at 
109° C A pressure of 120 to 160 atmos- 
pheres was applied to the system- and the 
contact time was 120 seconds. - . 

The resulting amines, after removal of the 
water, methanol and excess ammonia, had a 
composition similar to that of the amines 
obtained in Example 1. 

i 

Example 18, 

A 50% solution by weight of ammonia in 
/2-butanol was reacted with ethylene oxide in 
the reactor coil in a molar ratio of ammonia 
to ethylene oxide of 6.8: 1. The reactor coil 
was immersed in a bath of liquid boiling at 
127° C and the pressure applied to the 
system was 120—160 atmospheres. A con- 
tact time of 132 seconds resulted in complete 
reaction of the ethylene oxide. 

Excess ammonia and butane! were re- 
moved from the product and the resulting 
mixture of amines had a composition 
approximating closely to that of the amines 
obtained in Example 1. 

Example 19. 
The monoemanolarnine contained In the 
product of Example 2 above was recovered 
by fractional distillation under reduced 
pressure. 500' parte by volume of the 
recovered "monoethanolamine, 125 parts by 
volume of- water and 60 parrs by volume of 
ethylene* oxide were mtimately mixed and 
the mixture fed to the reactor opiL.describedr 
above under a pressure* of 40—60 atmos- 
pheres, tne bath temperature being 100° C 
The contact time within the reactor was 100 
seconds. After removal of water and excess 
monoetJ^olamine ^ the product, had the 
following composition: " : . * . 

— " - % by weight 



60 



■ Triethanolarnine 
Triethanolarnine 



89 
11 



What we claim is: — 

1. A process for the production of 
ajkanclamines which comprises continuously 
reacting ammonia with an alkylene oxide 
selected from ethylene oxide and ^ 1*2- 
propylene oxide by continuously passing a 
liquid rnixt ure of ammonia in aqueous solu- 
tion, containing from 5 to 90% by weight of 
water, and the alkylene oxide, which mix- 
ture contains not more than 50% by weight 
of the alkylene oxide and from 1 to 45 1 mole- 
cules of ammonia for every three molecules 
of alkylene oxide present, through a reaction 
zone maintained at a temperature ranging 
from a minimum of 80 to 150° C. to a 
maximum of 275° C, under a pressure 
which ensures that the reaction mixture is 
maintained in the liquid state throughout the 
reaction zone, the contact time within the 
reaction zone not exceeding 30 minutes and 
the amount of water in the said rnixture and 
the temperature of the reaction zone being 
so adjusted in relation to each other that 
substantially complete reaction of the alkyl- 
ene oxide takes place. 

2. A process as claimed in claim 1, in 
which the said mixture conraihs not more 
than 35% by weight of alkylene oxide, 

3. A modification of the process claimed 
in n\ a tm l, or 2, in which part or all of the 
water in the reaction mixture is replaced' by 
an equivalent amount, in terms of hydroxy 
group content, of an organic hydroxy com- 
pound cemtaining only carbon, hydrogen and 
one or more alcoholic or phenolic hydroxy 
groups. 

4. A process as claimed in claim 3 in 
which the said organic, hydroxy compound is 
an alkyl alcohol . boiiing below 150 ° C. 

5. A process as claimed in claim 2, in 
which the aqueous ammonia contains-' from 20 
to 60% by weight of water and the reaction 
zone is maintained at a temperature ranging 
from- a ^mimum of 100 to 150 e C. to a 
maximum of 275° C. 

6. A process as claimed in claim 2, in 
which the aqueous ammonia contains from 65 
to 90% by weight of water and the reaction 
zone is maintained at a temperature ranging 
from a minimum of 100° C. tr> a maximum 
of 275° C 

-7; A process as claimed in claim 5 or 6 
in .which Jme-ccfiract time "does riot' exceed 
120 ^eccjids. 
" * 8. A* process as claimed in claim 5. in 
which the said reaction mixture contains more 
than 4 and not more than 10 molecules of 
ammonia for each* molecule of alkylene oxide 
present. "*.'*. 

9. A process as claimed in claim _6 in 
which the said reaction mixture contains be- 
tween r and 4 molecules of ammonia for each 
molecule 'of alkylene oxide present; 

10. Aprocess as claimed in claim 8 or 9, 
in which the alkylene oxide is ethylene oxide. 
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11. A process as claimed in any of the 
preceding claims in which said pressure is in 
excess of 60 atmospheres gauge pressure. 

12. A process as claimed in claim 1 
5 which comprises continuously passing a mix- 
cure of an aqueous ammonia, containing, 60% 
by weight of ammonia, and ethylene oxide, 
said mixture containing 7 molecules of 
ammonia for each molecule of ethylene oxide 

10 present, under a pressure of 60 to 100 
atmospheres through a reaction zone main- 
tained at a temperature of from 100 to 160° 
C, the contact time within the reaction zone 
being about 30 seconds. 

15 13. A process as claimed in any of the 
pr eceding claims in which die reaction is 
carried out in a reactor in the form of a? coil 
having a high surface area to volume ratio 
and immersed in a bath of boiling liquid 

20 which serves initially to heat the reaction 
mixture to the required temperature and sub- 



sequently to remove heat evolved during the 
reaction. 

14. A process as claimed in any of the 
preceding claims followed by recovering the 25 
monoalkanolamine in the product and by 
reacting said recovered monoalkanolamine 
with a further quantity of alkyiene oxide in 

the presence of an hydroxy compound sub- 
stantially as hereinbefore described. 30 

15. A process for the production of 
alkanolamines substantially as hereinbefore 
described. 

16. A process for the production of 
alkanolamines substantially as described in 35 
any of examples 1 to 19. 

17. " Alkanolamines when produced by the 
process claimed in any of the preceding 
claims. 

REDDBS & GROSE,. 
6, Bream's Buildings, London, E.C.4, 
Agents for the Applicants. 



PROVISIONAL SPECIFICATION 
Manufacture of Alkanolamines 



40 We, Oxxrane Limited, a British Com- 
pany, of 170, Piccadilly^ London, W.l, do 
hereby declare this invention, to be described 
in the following statement: — 

This invention relates to the manufacture 

45 of alkanolamines. 

The reaction of aqueous ammonia with 
ethylene oxide to produce a mixture of 
monoethanolamine, d iethanolamine, and txi- 
ethanolaminc, was described by Wurtz in 

.50 1860 (Liebig's Annalen der Chemie. VoL 114 
p. 51). This reaction, and the analogous one 
between aqueous ammonia and propylene 
oxide, has since then been widely described 
in the literature. 

55 The reaction of ethylene or propylene 
oxide with aqueous solutions of ammonia is 
an exceedingly rapid one, and is accom- 
panied by the evolution of approximately 
26,000 cals. of heat per gramjnol. of ethylene 

60 or propylene oxide reacted. In view of the 
danger of explosion inherent in Bus process 
it has hitherto been the general practice in 
industry to carry out the reaction/ at tempera- 
tures between 0° and 50° C. and to add die 

65 ethylene or propylene oxide slowly over a 
period of hours* to the aqueous ammonia con- 
tained within a large reaction vessel, so that 
. the amount of alkyiene oxide present at any 
time in the reaction system is limited to a 

70 minimum . 

. More recently there have been references to 
the use of higher temperatures in the carrying 
out of such reactions.. Thus Kedrinskii and YL 
H. Plaska in an article in Novosti Nefteperer- 

75 abadd 1936- J No. 4, 6 (which is surnmarised 
in Chemical Abstracts of the American 
Chemical Society, Vol. 30, p. 6706, 1936) 



described ex periments in which ethylene oxide 
and ammonia were fed in stoichiometric quan- 
tities into a solvent medium at 60° C The 80 
resulting product consisted of 1.5 % diethanol- 
amine, 75% triemanolamine, 13% polymer- 
ised material and nearly 10% water. The 
yield based on ethylene oxide was only 89% 
of theory. 85 

Further, Schwoegler et al in U.S. patent 
No. 2,373,199 propose the production of 
alkanolamines by the continuous reaction of 
ammonia with an alkyiene oxide under sub- 
stantially anhydrous conditions at a tempera- 90 
ture between 120 and 275° C. 

Our investigation of the reaction of 
ammonia and ethylene oxide has shown that 
the reaction does not proceed ta any appreci- 
able extent in the absence of hydroxy bodies. 95 
Further, we have found that even with traces 
of water present at temperatures of 120° C. 
and above, the reaction proceeds so slowly 
that it does not provide a) satisfactory continu- 
ous process for use on an industrial scale.- 100 

Apart from limitations imposed by the size 
of the reactor, prolonged reaction at high tem- 
peratures is liable to result in contamination 
and degradation of the products. 

It is an object of the invention to provide 105 
a continuous process for the production of 
alkanolamines by the reaction of ammonia 
with ethylene oxide in which complete reaction 
of the ethylene oxide takes place within a rela- 
tively short time. It is further an object of the no 
invention to provide a process for* the produc- 
tion of alkanolamines which is -flexible in that 
it can be varied to* produce mono-, di-, or tri- 
ethanolamine as the .mam product. 

In accordance with the present invention a 115 
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process for me "prediction of alkanolaniines 
consists in continuously reacting ammonia 
with an alkylene oxide, having 2 ox 3 carbon 
atoms in the molecule by continuously passing 

5 a mixture of the alkylene oxide, a mmonia ; and 
water, containing .not more than 50% by 
weight of alkylene oxide and containing more 
than 1% by weight of water, under a pressure 
; which maintains the: rnixture in the liquid 

10 state through a reaction zone heated to at 
least 80* C. and maintained within the tem- 
perature range of 80 tx> 300° C, the contact 
time within the reaction zone being such that 
substantially complete reaction of the alkylene 

15 oxide takes place. It may be found necessary, 
and it Is' preferable, to apply -cooling to the 
reaction zone to remove the heat of reaction 
and to ensure that the temperature of the re- 
action mixture * does" not rise" above 300° C. 

20 and preferably" does not rise above 275°* C. 
The cooling may be applied in the manner 
described below. . . 

The process of the invention jnay most suit- 
ably be carried out by rea ct in g an aqueous. 

25 ammonia containing from 2 tcj 95 % and pre- 
ferably from 5 to 90% by weight of water 
with the alkylene oxide. Furthermore the 
-. quantity of alkylene oxide in the reaction mix- 
ture' is- preferably not in excess- of 35%— by_^ 

30 weight. ... 

The contact time within the. reaction zone 
depends primarily on the amount of water 
present and on the temperature to which the 
reaction crone is heated.. Thus it has been 

35 found that using an aqueous ammonia-' con- 
taining- 2% by weight, of water and heating 
the reaction zone to 100° C, a contact time 
of about 2 hours is sufficient- to ensure com- 
plete reaction of- the ethylene oxide. Using 

40 the same temperature, the contact time may 
be decreased as the amount of water present 
is increased Thus with 10% or more by 
weight of water and heating the reaction zone 
to 100° G. the contact time may be decreased 

45 to 30 minutes or less.. Increasing the tempera^ 
tare to which the reaction zone is heated also 
results in a decrease, of the contact time neces- 
sary, td ensure complete reaction of the 
ethylene oxide. 

50 Thus by suitable choice of the amount- of 
water present in- the reaction m i xtu re and of 
the temperature^ it is possible to operate the 
process -of the invention with very short con- 
tact times. For- example, in one preferred 

55 form, of the invention utilising an aqueous' 
a mmonia containing* from -10~TO=35% by 
weight of ammonia m -a reaction, mixture con- 
taining not more than- 35% by weight of 
alkylene oxide and heating -the reaction zone 

60 to 100° G., the contact times of between 30 
and 120 seconds .may -be employed* In 
another preferred form of the invention- using, 
a strong aqueous ammonia .solution . contain- 
ing from 60 to 80% by weight of ammonia 

65 in a reaction mixture cont aining not more 



u>an 35% -by weight of alkylene oxide, heat- 
ing the reaction zone to 120 to 140° C. will 
enable a. contact time of 120 seconds or less 
to be used. 

. The temperature to which the reaction zone 70 
is initially heated is preferably in the region 
of. 190° G. when aqueous solutions of 
ammonia- containing not more than- 35% of 
ammonia are used, and is preferably from 100 
to 150 ° Q f ot stronger aqueous solutions of 75 
ammonia^ temperatures of 120° C. and above 
being preferably used for aqueous solutions 
of gmrprinia containing about 80% or more 
by weight of ammonia." 

As "previously stated, it -is generally neces- 80 
sary, and it- is indeed preferable, to cool the 
reaction' rnixture to remove heat evolved' in 
the highly exothermic reaction "Which takes 
place." Cooling is also preferable to ensure 
that after the mrtial, rapid rise in tempera- 85 
tore within the reaction zone, the tempera- 
ture is rapidly reduced to a point preferably 
below 150° C 

The short contact times involved in the 
process of the invention enable one to use a 90 
compact^ strongly constructed reactor in the 
form of a coil- having -a relatively high surface 
to volume 'ratio which facilitates the rapid „ 
heating of the reaction rnixture and also 
enlbles the heat of reaction to be removed 95 
rapidly"" from the reaction mixture. Both the 
heating and the removal of heat may satis- 
factorily be carried out by immersing the re- 
actor in a bath of boiling liquid boiling at a 
temperature corresponding to the initial tern- X00 
perature to which the reactants are heated, 
the vapour from the * boiling liquid being 
passed to & condenser in which it is cooled 
and condensed and the . condensed liquid 
being returned to the bath. By this means 105 
any excessive rise of the temperature within 
the reactor may be prevented and the re- 
actants, after an initial and rapid rise in tem- 
perature may be rapidly cooled down to a 
temperature of 150° C and below. no 

The amount of heat which is evolved in 
the process of the invention is Irmited by the 
stipulation that the ethylene oxide must not 
amstinite more than 50% by weight of the 
material fed to the reactor. Thus, the maxi- 115 
mum temperature to which the re^ctarrts-wfljT " *■ 
rise under adiabatic conditions can be calcu- 
lated fah*^acarrately on -the assumption that 
Ae specuic heat oF'tbe* reactants is 1 calorie 
peaTgm. per °C. and on the basis than the re- 120 
action of 1 gm. mol of ethylene oxide with 
ammonia evolves 26000 cafe, of heat. Urns, 
if a gins* of ethylene oxide are reacted with b 
gms. of -ammonia in solution- with c gnus, of 
water, thertemperature rise (adiabatic) is 125 

- - . • -0x26000 - °C . - *', 



(*+b+c)x44 




760,215 



11 



10 



15 



20 



25 



30 



35 



45 



50 



55 



60 



As it is stipulated that a must not be greater 
than b + c, the maximum temperature rise is 
under 300' C 

Using a coiled reactor formed of 75 ft. of 
stainless steel tube of 0.154" internal diameter 
and 0.25" external diameter immersed in a 
bath of boiling water, it has been found that 
on passing a reaction mixture of a 35% by 
weight aqueous solution of ammonia and 
ethylene oxide, containing 50% by weight of 
ethylene oxide through the reactor, the tem- 
perature of the' reaction mixture within the 
reactor may rise to approximately 200° C. 
but will then rapidly be reduced. 

The rise in temperature within the reaction 
zone due to the heat of reaction, is providing 
it is not excessive or prolonged, not disadvan- 
tageous as; it increases the rate of die reaction 
and also in the reaction with ethylene oxide, 
leads more rapidly to the decomposition of 
any quaternary ammonium hydroxide which 
may be formed. The effect of the latter is 
dealt with more fully below. 

Despite the limitation of the amount of 
ethylene oxide which may be used in die pro- 
cess of the invention and the fact that the 
high Temperatures employed favour the 
formation of the monoalkanolamine, the pro- 
cess is flexible in that the molar ratios of 
ammonia to ethylene oxide may be varied 
within wide limits to vary the amounts of 
mono-, di-, and txi-alkanolamines in the pro- 
duct of the reaction. Furthermore, in accord- 
ance with the invention, the product of the 
process described above may be reacted with 
a further quantity of ethylene oxide under 
similar conditions to those described above to 
increase the production of methanol amine. 
By the use of two or more stages in this 
manner the use of a large quantity of water 
which has subsequently to be evaporated may 
be avoided. 

The manner in which the composition of 
the product of the process of the invention 
varies with the molar ratio of ammonia to 
ethylene oxide in the reaction mixture is illus- 
trated by the curves shown on the accom- 
panying drawing. These curves were obtained 
by carrying out a number of experiments in 
which a 25% by weight aqueous ammonia 
solution and ethylene oxide were reacted in 
varying molar ratios of ammonia to ethylene 
oxide in the reactor coil "described above. The 
coil was immersed in a bath of boiling water 
and the temperature in the coil was within 
the range 100 to 200° CI In each case the 
product 'was freed 'of excess ammonia and 
water and analysed. Curves 1, 2, 3, and 4 
show respectively the precentages of mono- 
ethanolamine, diemanolamine, . methanol- 
amine and glycol ethers of triethanolamine 
found in the product. Rather similar curves 
were obtained for the reaction of ammonia 
with propylene oxide. Further, it was found 



mat the results do not vary appreciably with 65 
different strengths of the ammonia solution. 

It can be seen from the accompanying 
drawing that when monoethanolamine is the 
desired reaction product a molar ratio of 
ammonia to ethylene oxide between 4 to 1 70 * 
and 10 to 1 is most suitable. The increase in 
.the percentage of monoethanolamine in the 
product for ratios higher than 10 to 1 is so 
small that it will not generally be found 
advantageous to use higher ratios. When 75 
operating at these molar ratios for the pro- 
duction of monoethanolamine or monoiso- 
propanolamine as the major product it is an 
advantage to use strong ammonia solutions 
since the amount of water to be subsequently 80 
removed is reduced. 

In the production of diethanolamine it is 
seen that molar ratios between 1ml and 4 
to 1 are most satisfactory but that the per- 
centage of diethanolamine in the reaction 85 
product after removal of ammonia and water, 
does not rise above about 40% by weight. 

For the production of triethanolamine a 
molar ratio of ammonia to ethylene oxide of 1 
to 3 is theoretically required. Thus to pre- 90 
serve the limitation, imposed because of 
thermal considerations, that the ethylene 
oxide shall not be more than 50% by weight 
of the reaction mixture it is necessary in a 
single stage process to use a very dilute solu- 95 
tion of ammonia, in which case the increased 
amount of water will function as a thermal 
diluent. The production of triethanolamine as 
the major product may, therefore, be effected 
in a single stage using a very dilute aqueous 100 
ammonia solution, eg. a 10% by weight 
solution. The production of triethanolamine 
may, on the other hand, be carried out in two 
stages, using a 35% by weight aqueous 
ammonia solution. In the two stage process 105 
the 35% ammonia solution may be reacted 
with ethylene oxide in the molar ratio of 
ammonia to ethylene oxide of 1 to 1, and the 
product so formed cooled to ambient tem- 
peratures and then reacted in a similar 110 
manner with further ethylene oxide. We have 
found that an overall ammonia to ethylene 
oxide molar ratio of 1 to 2.5 produces an 
optimum product in either method. The two 
stage process may be varied by removing the 115 
unreacted ammonia from the product of the 
first stage before reacting it with a further 
quantity of ethylene oxide. If this is done the 
molar ratio of ammonia (contained in the 
product) to ethylene oxide (contained in the 120 
product and added) is preferably 1 to 2.8. 

The production of methanol amine by the 
process of the invention takes place with the 
formation of reduced amounts of the tri- 
ethanolamine glycol ethers as by-products, 125 
compared with the amounts formed at lower 
temperatures. We have found, that these 
ethers are formed by reaction between the 
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triethanolamine present in the reaction mixture and ethylene oxide,' according to the 
equation : . . ' 

NCCI^CHaO^+CCHajaO ^N(C a H 4 OB) a 

. ; 4h 4 oqh 4 oh 

Triethanol- + Ethylene Ether. 

amine oxide 

At relatively low temperatures triethanol- * the quaternary ammonium hydroxide accord- 
5 amine reacts with ethylene oxide to produce ing to the equation: 



N(C a H 4 OH) s + + H,0 



- HO . N . (CaH 4 OH) 4 



This hydroxide is a strong base and it is 

10 well known that alkalies catalyse the. reaction 
of ethylene oxide with alcohojs to form 
ethylene glycol ethers. It has been found 
that the rate of formation, of these ethers is 
proportional to the amount of base present. 

15 At temperatures between 0* and 50° C the 
quaternary ammonium, hydroxide is* stable but 
at higher temperatures and particularly above 
100° C this compound decomposes rapidly 
in the presence of water and etfaanol a m in es to* 

20 reform triemanolarnine and ethylene oxide 
Hence under the reaction! conditions employed 
in the present process the 5 concentration of the 
tetraethanol-ammonium hydroxide- is^reduced 
to a small value and hence the formation_of 

25 the by-product ether is also reduced to a 
correspondingly small value. 

Following on the above observations it has 
also been found that the addition of small 
amounts of acidic materials to the reaction 

30 mixture reduces the amounts of byproduct 
ethers formed by neutralising any of the 
quaternary ammonium hydroxide present in 
the reaction mixture at the elevated tempera- 
tures employed. Examples of such jaddic 

35 materials which may be added Include boric 
acid, carbon dioxide, phosphoric acid and sul- 
phuric add. 

The tri-isopropanol amine does not appear 
to form a quaternary ammonium hydroxide 

40 by reaction with propylene oxide, due no 
• doubt to the steric factors involved, so tiiat 
at all temperatures between 0° and 270* C 
the reaction product is oontrnnmated only with 
the tri-isopropanolarnine glycol ethers, formed 

45 by the uncatalysed reaction between the tri- 
isopropanolamine and propylene oxide Even 
though the uncatalysed formation of these 
ethers is slightly greater, in the present process 
than the amounts formed in previous ^ pro- 

50 cesses employing lower temperatures, it is still 
" very advantageous to carry out the reaction in 
the manner described from the point of view 
of safety and economy of operation. 



The present invention also includes a modi- 
fication of the process of the invention set out 
above, in which the water in the reaction mix- 
ture is wholly ox. partially ' replaced by an 
organic hydroxy compound. Organic hydroxy 
compounds which may be used in this modi- 
fication are the mono-, di-, and tri-alkanol- 
arnines produced by the process or other 
hydroxy compounds which contain no groups, 
other than .an hydroxy group, which are re- 
active to ethylene oxide and which have a boil- 
ing point sufficiently distinct from that of the 
products to enable separation to take place 
without difficulty. Thus low boiling alcohols 
having a boiling point not above 150 * C and 
preferably not above 125° C, e.g. methanol 
and ethanol, may be used. 

The amount of organic hydroxy compound. 



present should be 



1 gram mole 



Number of hydroxy groups 
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for each gram mole of water that it replaces. 

The beneficial effect of the presence of 
water ot an organic* hydroxy compound in the_ 75 
-process of the invention is shown by our~~in- 
vestigations in which we have" found that the 
rate of reaction of ethylene oxide with 
ammonia is directly proportional to the pro- 
duct of the molar concentration of ammonia, the 80 • 
molar concentration of ethylene oxide, and die 
square of the molar concentration of hydroxide 
groups present in the reaction system. In con- 
sidering the reaction of ammonia with ethylene 
oxide when ammonia is present in consider- 85 
able excess eg. 10 mols ammonia to 1 moL 
ethylene- oxide, we find that if initially there 
are " a " mols/litre of ammonia, ** b 99 
mods/litre of ethylene oxide and " c n 
mols/litre of -hydroxylic solvent ROH where 90 
. K may be H, CH 3 etc and if after a time 
"t" seconds " x" moles/litre of ethylene 
oxide "have reacted to give x moles of mono- 
ethanolamine, the reaction may be represented 
by the equation . 95 
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NH a + CaH 4 0 + ROH - 
b— x c 



10 



25 



and that die reaction velocity may be ex- 
pressed in the usual farm: 

dx/dt =k A (a— x)(b— xXc— x) a 
This equation assumes that the consequential 
reaction of monocthaiiolamine with ethylene 
oxide to form di-, and tri-ethanolamine is 
negligible in comparison with the reaction to 
produce monoethanolamine. This is so when 
"a" is large compared with w b/* It can be 
seen from the equation for the reaction velocity 
that if ROH is absent, no reaction will take 
place. 



*NH,Q > H 4 OH + ROH 
x c 

Our measurements also show that the 
velocity constant of this reaction for 100* C., 
k A has the value of 5 x lO^Ml^S- 1 . Sub- 
stitution of this value in ihe equation for the 
reaction velocity and integration of the result- 
ing equation leads to the following times for 
the reaction which we have calculated for the 
reaction of 4 molar equivalents of ammonia 
with 1 of ethylene oxide, the ammonia con- 
taining varying proportions of water, the re- 
action being carried out at 100* C. 



15 



20 



Concentration of 
ammonia in wates? 
% by weight 



Times of reaction of ethylene oxide. 



30 



35 



30 
60 
80 
90 
95 
98 
99 
99*5 



10% 

sees. 


50% 
sees. 


95% 
sees. 


2 


11 


55 


6 


30 


150 


9 


144 


720 


71 


320 


840 


261 


940 


1900 


1320 


3150 


4800 


4000 


6800 


8300 


16000 


22000 


24000 



* It is seen that with a decrease in the amount 
of water, there is a slower initial reaction 
followed by a subsequently more rapid re- 
action. This is to be expected as monoethanol- 

40 amine which is formed, is itself a hydroxyiic 

body* . - 1.1 

In practice we found that tt was impossible 
to control the temperatures of the reaction of 
35% and 60% ammonia to get any figures 

45 other than for complete reaction. In the case 
of 80% and higher strength ammonia, we were 
able to control me reaction temperauire at 
100° C and to obtain values for the times of 
reaction approxmiatmg to the calculated 

50 values given above. Even at 120* C. and 
higher temperatures we found no reaction 
between substantiaUy anhydrous ethylene 

* oxide and substantially anhydrous ammonia. 

We have also found that there was a molar 
55 equivalence "between all hydroxyiic solvents 
tested in their power to catalyse the reaction 
between ammonia and ethylene, oxide, 

Thus we have found that: 

1 molar equivalent of water (18 grams) 
60 l „ „ methanol (34 grams) 

1 » » ^pheMl(94gnmis) 
i . „ „ ethylene glycol 

* " (30.5 grams) 

I n monoethanolamine 

65 " C* 1 grams) 

1 „ triethanolamine 

(49.7 grams) 



have an equivalent effect on the reaction rates 
" and time. The reaction velocity equation given 
above and the velocity constant cited, provide 
a method of calculating the reaction time and 
temperature, and thus of ensuring adequate 
control of the reaction and of avoiding the 
danger of -explosion referred to by previous 
workers in this field. 

In a preferred method of carrying out the 
invention an aqueous ammonia solution: of the 
desired strength, and the alkylene oxide, are 
separately and continuously pumped under 
pressure from storage vessels, by means of pro- 
portionating pumps, to a mixing chamb er in 
which they are intimately mixed. The mixture 
of aqueous ammonia and aflkylene oxide is then 
fed into a reactor which consists of - a coiled 
tube. In the examples described below, the coil 
used was a stainless steel coil 75 feet in length 
(when extended), with art external diame ter of 
0.25 inches and internal diamrtffr of 0.154 
inches. The reactor is completely immersed, in 
a bath of boiling liquid, the vapour escaping 
from the surface of the liquid passing to a con- 
denser, in which it is cooled and condensed, and 
then returned toj the body of the liquid in the 
bath. 

After passing through the rea ct o r within the 
desired reaction time (which is governed by 
the pumping rate) the products are led through 
an after cooler and thence through a needle 
let-down valve which is adjusted to maintain 
the desired pressure within the reactor. The 
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95 
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cooled, crude products may then either be 
further cooled and passed to a crude product 
reservoir, the product from which is removed 
and separately distilled to remove water and 
5 unreacted ammonia, or. the crude; products 
may be passed directly to a continuous: strip- 
ping still to effect this separation. In either 
case the unreacted ammonia may be recycled 
for further use. The alkanolamines may then 

W be separated from one another by fractional 
distillation under reduced pressure. 

The invention may also be carried out as 
described above with part or all of the water 
of the aqueous ammonia solution replaced by 

13 a suitable organic hydroxylic solvent . The 
pressure applied to the reaction mixture must 
be such, as will tn^tntami the mixture in liquid 
phase throughout the reaction zone. In view, 
of the rise in temperature which takes place 

20 it is desirable to use a considerable excess of 
pressure and generally "speaking pressures in 
excess of 60 arms, should be used. 

The following examples, in all of -which the 
procedure set out in the -preferred -method of 

25 carrying out the invention described above was 
used, illustrate the ; invention. In these 
examples the alkyiene oxide was, except where 
otherwise stated, fully- reacted, no free 
alkyiene oxide being found in the reaction 

30 products. 

Example 1. 
A 25% by weight aqueous solution of 
ammonia, and ethylene oxide, were continu- 
ously mixed in the ratio of 1000 mi of 

35 ammonia solution (containing 13 mots, of 
ammonia) with 86.5 ml, of ethylene oxide 
(1.73 mols.) so that the molar ratio of 
ammonia to ethylene oxide was 7.5 to 1. .This 
mixture was cxmunuously . fed- to* the reactor- 

40 coil which was immersed in a bath of boiling 
water. A pressure of. 70 to 90 arms, gauge was 
applied to the system and the pumping rate 
was adjusted to give a contact time within the 
reactor of 5 minutes. 

45 After removal of unreacted ammonia and 
•water by distillation the reaction product was 
'found to contain: 

% by weight 



50 



55 



60 



MonoethanoJ am ine 
Diethanolamine 
Trieth anolamine 



68 
24 
8 



Monoethanolamine 

Diethanolamine 

Triethanolamine 



% by weight 

78 
16 
6 



• Example 3. 
Reaction, of a mixture of a 25% by weight 
aqueous ammonia solution with ethylene oxide 
in a molar ratio of ammoniai to ethylene oxide 
of 4 to 1 3 under the same temperature, pressure 
and contact time conditions as in Example 1, 
resulted in the following composition of the 
product, after removal of unreacted ammonia 
and water : 

% by weight 



Monc^manolamine 

Diethanolamine 

Triethanolamine 



49 
38 
13 



65 



70 



75 



Example 4. 
A mixture of equimolecular quantities of 
ammonia (present as a 25% by weight solu- 
tion in water) and ethylene oxide were passed 
under a pressure between 70 and 100 atmo- 
spheres through the reactor, the residence time 
merSir being 38 seconds, and the reactor being 
surrounded by a bath of boiling water. The 
reaction product, after removal of unreacted 
ammonia and water consisted of: 



l^iet3 h^**ftta'm m ^ 
Triethanolamine 



80 



85 



90 



. . Example 2." — 

Example 1 was repeated with a mixture of~ 
a 35% by weight aqueous solution of 
ammonia and ethylene oxide, in which the 
mola4 ratio of ammonia to ethylene oxide was 
25 to 1. 

The resulting product, after removal of 
excess ammonia and water, had the following 
composition: 



% by weight 

18 
24 
58 

No tetraetbanolarnmonium hydroxide or higher 
* ethers, were found to be present* 



Example 5. . 

The ammoniacal aqueous product (Le. die 95 
product containing unreacted ammonia and 
water) from Example 4 was cooled to 30° C. 
and continuously mixed with ethylene oxide in .. .. 
such proportions that the overall molar "ratio 
of ammonia (Le. reacted j>\us fresh ethylene 100 
oxide) was brought to^t to 2.5. This mixture 
was contmuousj^^assed through the reactor 
under- the same reaction conditions as were 
us ed in Example 4: 

The final product consisted of: 105 

% by weight 

• Ammonia- 1.5 
Water 28.3 
Commercial triethanolamine 70.0 
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15 



This "Commercial triethanolaminc " was 
found on fractional distillation to contain: 



10 



15 



20 



25 



Monoethanolarnine 

Triemanolamine 
Higheu Ethers 



% by weight 

4.6 
• 6.8 
80.7 
7.9 



Example 6. 

A mixture of a 10% by weight aqueous 
solution of ammonia and ethylene oxide, in* 
which the molar ratio of ammonia to ethylene 
oxide was 1 to 2.5, was continuously passed 
through the reactor, which was surrounded by 
boiling water. The residence time within the 
reactor was 4.7 minutes and a pressure of 
between 70 and 100 atmospheres was applied 
to the system. 

The/ product was discharged into a continu- 
ous stripping still which removed unreacted 
ammonia and water. On fractional distillation 
the product was found to have the following 
composition : 

% by weight 



Monoethanolarnine 
Diethauolamine 
Triemanolamine 
Higher Ethers 



3.3 
12.6 
79.2 

4.9 



30 



35 



40 



45 



Monorsopropanolamine 
Dusopropanolamine 
Triisopropanolamine . 



% by weight 

20 
44 
36 



60 



Example 9. . 

The ammoniacal aqueous solution of iso- 
pxopanolarnines obtained as the product in 65 
Example 8 before distillation, was mixed in 
equal parts by volume with propylene oxide, 
bringing the overall molar ratio of propylene 
oxide to «TTiTTw\r>ig to 3.0 to 1.0, and the mix- 
ture passed through the reactor, which was 70 
surrounded by boiling water. A contact time 
of 90 sees, and an applied pressure of 60—80 
atmospheres was used. 

The resulting crude triisopropanolamine 
after removing excess ammonia and water had 75 
the following composition: 

% by weight 



Example 7. 
A 25% by weight aqueous solution of 
ammonia and propylene oxide were continu- 
ously mixed in such proportions that the molar 
ratio of ommnm'a to propylene oxide in the 
mixture was 10 to 1. The mixture was con- 
tinuously passed through the stainless steel re- 
action coil which was surrounded by boiling 
water, the residence time in the coil being 45 
sees. A pressure of 60 — 80 atmospheres was 
applied to the system in order to keep the re- 
actant in the liquid phase, 

The emerging liquid was distilled to remove 
excess ammonia and water. The resulting 
mixture of isopropanolamines was found to 
have the following ctHxn^psinmi: 

% by weight 

Monoisopropanolam ine 74.5 
Diisopropanolanune 24.5 
Triisopropanolamfaie 1.0 

Example 8. 
Ammonia (in the form of a 25% by weight 

50 aqueous solution in water) and propylene oxide 
were mixed in equimolecular proportions and 
the mixture passed under a pressure of 60—80 
atmospheres through the reactor surrounded by 
boiling water, the residence time in the reactor 

55 being- 60 seconds. The resulting product was 
distilled to remove excess ammonia and water 
and the resulting mixture of is<mropanolammes 
had the following composition: 



Monoisopropanotainine not found 

Diisopropanolamine 3.0 

Triisoprop anolamine 93.1 

Triisopropanolamine ether 3.9 



80 



Example 10. 
A mixture of a 60% by weight aqueous 
solution of ammonia and propylene oxide in 
the molar ratio of ammonia to propylene oxide 85 
of 2.5 to 1, was forced through the reactor sur- 
rounded by boiling water at such a rate that 
the contact time was 180 sees. The applied 
pressure was maintained at 60 — 80 atmo- 
spheres. Excess ammonia and water were re- 90 
moved. The isopropanolamines had the 
following composition: 

% by weight 

Monoisopropanolam me 37.5 
Diisopropanolamine 50.0 95 

Triisoprop anolamine 12.5 



Example 11. 
A mixture of a 60% solution (by. weight) 
of ammonia in water and ethylene oxide in 
the ratio of seven mols. of ammonia to one of 100 
ethylene oxide, was continuously fed to the 
reactor under a pressure of 68 — 80" atmo- 
spheres. The reactor was surrounded by a 
bath of boiling water and die pumping rate 
adjusted to give a contact time of 126 sees. 105 
The conversion of ethylene oxide was com-* 
plete. After the removal of excess ammonia 
and water, the product had the following com- 
position » 

% by weight no 



Monoethanolarnine 

Oiethanolarnine 

Triethanolamine 



50 
33 
17 



16 
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Example 12. 
The experiment described in Example 11 
was repeated with a bath temperature of 
135° C. The anhydrous amines had the 
following composition: 

% by weight 



Monaethanol amine • 

IMethanolamine 

Triethanolamine 



58 
31 
11 



Example 13. . 

An 80% by weight solution of ammonia in 
water was continuously reacted with ethylene 
oxide in a molar ratio of 8.5 to 1. The reactor 
was surrounded with a water bath boiling at 
100° C. and the contact time adjusted to 200 
sees, The applied pressure was 60 — 80 
atmospheres. The finished" product was found 
to contain 15% unreacted ethylene oxide. 

The contact time was increased to 400 sees, 
and the product was then found rot contain no 
unreacted ethylene oxide. After the removal of 
excess* ammonia and water, - the anhydrous 
amines -obtained with the longer contact time 
had the- following composition; . 



Monoethanolamine 

Diedianolamine 

Triethanolamine 



% by weight 
59 
29 
12 



Example 14. 
13 was repeated with a bath 
temperature* of 140° C and) a contact time of 
120 sees. Reaction of the ethylene oxide was 
complete and the resulting amines had the 
following composition: 

. % by weight 
72 
22 
6 



Monoethanolamine 

Diethanolarnine 

Triethanolamine 



Example 16. 
Example 15\ was repeated with, the bath 
temperature raised to 149 ° C. and the contact 
time decreased to 92 sees. Conversion of die 
ethylene oxide was complete. The anhydrous 
product had the following composition: 



Monethanolamine 
Triethanolarnine 



% by weight 
69 
25 
6 



Example 15. 

A mixture of a 95% by weight aqueous 
solution of ammonia and ethylene oxide con- 
taining ammonia and ethylene oxide in . the 
molar ratio of 9 to 1^ was continuously- fed to- 
the reactor which was surrounded by a bath 
boiling at 100° Q The pressure was 60 — 80 
atmospheres and the contact time was 730 
sees. -It was found that- only 30% of the 
ethylene oxide had rea cte d. • * * 

When the contact time was increased to 20 
minutes it was found that the conversion of 
the ethylene oxide was complete. The anhy- 
drous product obtained from the longer -reac- 
tion consisted of : 

% by weight 
Monoethanolamine 60 
Diethanolarnine 31 
Triethanolamine ^ .9 



Example 17. 
A mixture of a 98% by weight solution of 
ammonia in water and ethylene oxide contain- 
ing ammonia and ethylene oxide in the molar 
ratio of 9.6 to 1, was continuously fed to the 
reactor under a pressure of 60—80 atmos- 
pheres with a bath boiling at 100* C. sur- 
rounding the reactor. A contact timer of 2 
hours was necessary to obtain complete reac- 
-tron of the ethylene oxide. The resulting 
ethanolamines contained: 

% by weight 
Monoethanolamine 61 
Dieth anolamine 30 

-Triethanolarnine 9 

• ~* 

Example 18. 
A solution of ammonia in methanol contain- 
ing 60% by weight of ammonia was mixed 
with ethylene oxide to give a mixture in which 
the molar ratio of ammonia to ethylene oxide 
was 7: 1, and this mixture was passed 
through the reactor surrounded by a liquid 
boiling at 127° C. A pressure of 120—160 
atmospheres was .applied to the system and 
the contact time in the reactor was 120 



ammonia and 
contained : , 

% by weight 
-63 
30 

7. 



After the removal of 
methanol the resulting 



Monoethanolamine . 

Diedianolamine 

Triethanolamine 



_ . EXAMBiK-49__ 

~A r solution off ammonia in/ 
methanol containing 60% by 



water , and 
weight of 

ammonia^, 20% by weight .of methanol and 
20% by weight of water was mixed with 
ethylene oxide to give a mixture, in which the 
molar ratio of ammonia to ethylene oxide was 
7 : 1. The mixture was passed through the 
reactor, surrounded by a liquid boiling at 
109° C A pressure of 120 to 160 atmos- 
pheres was applied to the system and. the 
contact time was '120 seconds. _ . . 

The resulting arnines, after removal of the 
water, methanol and excess ammonia, had a 
composition similar tr> that of the amines 
obtained in Example 1. 



60 



65 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



760,215 



10 



15 



20 



25 



Example 20. 

A 50% solution by weight of ammonia in 
n-butanoi was reacted with ethylene oxide m 
the reactor coil in a? moiar ratio of ammonia 
to ethylene oxide of 6.8: 1. The reactor cofl 
was immersed in a both of liquid boiling at 
127° C. and the pressure applied to the 
system was 120 — 160 atmospheres. A contact 
time of 132 seconds resulted in complete 
reaction of the ethylene oxide. 

fygragq ammonia and butanol were removed 
from die product and the resulting niixtureJ of 
amines had a composition appr oximating 
closely to that of the amines obtained in 
Example 1. 

Example 21. 

A mixture of ammonia and diethanolamine 
containing 95% by weight of ammonia was 
reacted with ethylene oxide in a molar ratio 
of ammonia to ethylene oxide of 10: 1. The 
boiling bath temperature was 100° C, the 
applied pressure was 120 — 160 atmospheres 
and the contact time was 2 hours. 

The resulting mixture of amines after re- 
moval of excess ammonia had the following 
composition : 



Monoerhanolamine 

Diethanolamine 

Triethanolamine 



17 

% by weight 
51 
42 
7 



Example 22. 
A mixture of ammonia and monoethanol- 
amine? containing 94% by weight of ammonia? 
was reacted with ethylene oxide in a molar 
ratio of ammonia to ethylene oxide of 10 : 1. 
The boiling bath was maintained at 150° C, 
the applied pressure was 120 — 160 atmos- 
pheres and the contact time 5 minrttes. The 
resulting! mixture of? amines, after the removal 
of unreacted ammonia, had the following 
composition: 

% by weight 
69 
37 
4 



Monoethanolamine 
Diethanolamine 
Triemanolamine 
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PROVISIONAL SPECIFICATION 
This drawing Is a reproduction of 
the Original on a reduced scale 
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